OBJECTIVE -Dietary patterns in Western populations have been linked to type 2 diabetes, but the role of diet in Japanese remains unclear. We investigated the association between major dietary patterns and glucose tolerance status as measured by A1C in Japanese adults.
T
he prevalence of type 2 diabetes is increasing worldwide (1) . Likewise, the Japanese, who have experienced rapid economic growth during the past several decades, now have a high prevalence of type 2 diabetes (2). However, this situation seems peculiar given that obesity, a strong determinant of the disease (3) , is much less common among Japanese than among Western populations (4, 5) . It has been postulated that the Japanese are predisposed to type 2 diabetes because of their low levels of insulin secretion and sensitivity, which may be determined by both genetic and environmental factors (4, 5) . The investigation of a Japanese diet in relation to type 2 diabetes may provide a clue to the issue.
The relation of specific foods and nutrients such as vegetables (6) , dietary fiber (7) , and glycemic load (8) to risk of type 2 diabetes has been examined in many studies, but few have addressed the association with dietary patterns. Although the effect of a single nutrient, food, or food group on disease risk and morbid conditions has often been investigated, such an effect is difficult to assess in observational studies because foods and nutrients are consumed in combination, and their complex effects are likely to be interactive or synergistic (9) . To overcome problems relating to the close intercorrelation among foods or nutrients, analysis of dietary patterns has gained much interest. A dietary pattern is a comprehensive variable that integrates consumption of several foods or food groups and is expected to have a greater impact on disease risk than any single nutrient (9) . Studies in Western populations have suggested that risk of type 2 diabetes is associated inversely with prudent or healthy dietary patterns (10 -12) and positively with a Western dietary pattern (11) (12) (13) (14) . To the best of our knowledge, however, only one study reported an association between a Japanese dietary pattern and type 2 diabetes (15) . The aim of the present study was, therefore, to investigate dietary patterns in relation to glucose tolerance status as measured by A1C concentrations in Japanese adults.
RESEARCH DESIGN AND METHODS -
The subjects were participants in the baseline survey of the ongoing cohort study on lifestyle-related diseases. Details of the study procedure have been described elsewhere (16) . In short, eligible individuals were residents of the East Ward of Fukuoka City who were aged 50 -74 years at the time of referral to the resident registry. Some areas in the ward were excluded with consideration for study efficiency and potential difficulties in the follow-up surveys. Eligible residents were invited to participate in the study by mail. Potential participants were informed of details of the baseline and follow-up surveys. Participants completed a self-administered questionnaire, blood pressure measurements, anthropometric measurements, and venous blood drawing. The questionnaire inquired about smoking, alcohol drinking, physical activity, sleeping, stress, dietary intake, diseases under current or previous treatment, use of drugs and supplements, and parental history of selected diseases. BMI was calculated as weight in kilograms divided by the square of height in meters. A1C concentrations were measured at an external laboratory (SRL, Hachiohji, Japan) by using latex agglutination turbidimetry on an autoanalyzer (JEOL, Tokyo, Japan). The study was approved by the ethics committee of Kyushu Uni-versity Faculty of Medical Sciences. All of the study subjects gave written informed consent before their participation in this study.
During the period between February 2004 and July 2006, a total of 10,447 individuals (22.9% of 45,634 eligible individuals) participated in the survey. The participation rate was higher among women and individuals aged 60 years or older than among those of younger ages. We excluded 910 subjects with a history of diabetes and an additional 1,619 subjects with a history of cardio-and cerebrovascular disease, cancer, liver disease, chronic renal failure, pancreas disease, adrenal disease, or alcohol addiction. After further exclusion of 8 subjects with missing information on covariates, 7,910 subjects (3,243 men and 4,667 women) remained for the analysis.
Dietary assessment
The food-frequency questionnaire method was used to assess intakes of 60 food and beverage items on average over the past year. Dietary questions were derived primarily from the 47-item foodfrequency questionnaire (17) , which was validated with 3-day weighted diet records; most of the nutrients showed correlation coefficients of 0.4 -0.6 (18) . Frequency of consumption of staple foods (rice, bread, and noodles) was measured on a scale of six categories ranging from almost null to daily for each breakfast, lunch, and supper. Regarding food items other than the staple foods, participants answered consumption frequency by choosing one of eight options ranging from almost null to three or more times/ day. The reported frequency of consuming each food was converted to a frequency of consumption per week, with somewhat conservative values assigned to greater frequency categories: 6.5 to 1 time/day, 10.5 to 2 times/day, and 17.5 to Ն3 times/day. Regarding each of the staple foods, values of weekly frequency (0 -6.5) were summed over the three meals. The amount consumed per occasion was asked for the staple foods, but this information was not used.
Statistical analysis
We performed principal component analysis based on 49 food items to derive dietary patterns; questions of beverages (six items) and dishes (five items) were not considered. Principal component analysis is a technique to reduce a number of variables into fewer independent factors. The factors were rotated by orthogonal transformation (varimax rotation) to maintain uncorrelated factors and greater interpretability. We considered eigenvalues, the scree test, and the interpretability of the factors to determine the number of factors to retain. The factors satisfied the criteria for eigenvalues Ͼ1, and the scree plots dropped substantially after the third factor (from 2.37 to 1.68) and remained similar after the fourth factor (1.47 for the fifth and 1.40 for the sixth factor); thus, we decided to retain four factors. We confirmed that when the analysis was done separately for men and women, similar dietary patterns were extracted for each sex. Dietary patterns were named according to the food items showing high loading (absolute value) on each of four factors. The factor scores for each dietary pattern and for each individual were calculated by summing intakes of food items weighted by their factor loadings. Factor scores were categorized into quintiles based on the distribution for men and women separately.
The confounding variables considered were age (years), BMI (Ͻ22.5, 22.5-24.9, 25.0 -27.4, and Ն27.5 kg/m 2 ), smoking (lifetime nonsmoker, former smoker, and current smoker with a consumption of Ͻ20 or Ն20 cigarettes/day), alcohol consumption (nondrinker, former drinker, and current drinker with a consumption of Ͻ30, 30 -59, or Ն60 g ethanol/day), physical activity (quartile of MET hours per week), and parental history of diabetes (absent or present). The trend was assessed by using the MantelHaenszel 2 test for categorical variables and linear regression analysis for continuous variables, assigning ordinal numbers 0 -4 to quintile categories of each dietary pattern.
We defined high levels of A1C concentration according to the definition used in the National Health and Nutrition Survey in Japan, in which those with A1C concentrations of 5.5-6.0 and Ն6.1% were regarded as having "possible" and "probable" diabetes, respectively. The cutoff of 5.5% for A1C gave a sensitivity of 80.1% and a specificity of 78.5%, and A1C of 6.1% corresponded with a 2-h plasma glucose level of 200 mg/dl in an oral glucose tolerance test (19). Multiple logistic regression was performed to estimate the odds ratio (OR) and 95% CI of elevated A1C (Ն5.5%) according to quintiles of scores for each dietary pattern, taking the lowest quintile group as the reference. The first model was adjusted for age only, and the second model was further adjusted for BMI, smoking, alcohol consumption, physical activity, and parental history of diabetes. Because the results were similar in these models, we present the fully adjusted results only. Trend association was assessed by assigning ordinal numbers 0 -4 to quintile categories of each dietary pattern. We repeated the analysis by using a more specific outcome criterion (A1C concentrations of Ն6.1%) while excluding subjects who had A1C concentrations of 5.5-6.0%. Two-sided P values Ͻ 0.05 were regarded as statistically significant. All analyses were performed using SAS (version 8.2; SAS Institute, Cary, NC).
RESULTS -We identified four dietary patterns by principal component analysis ( Table 1 ). The first factor was named a healthy dietary pattern because it represented frequent consumption of vegetables, fruit, soy products, fish, and yogurt. The second factor was characterized by frequent consumption of fried food, meat, processed meat, mayonnaise, and egg, and thus it was named a high-fat dietary pattern. The third factor represented frequent consumption of a variety of seafoods including shellfish, salted fish guts, fish roe, and fish paste products, and the pattern was named a seafood dietary pattern. The fourth factor was a Westernized breakfast pattern characterized by frequent consumption of bread, margarine, and coffee and infrequent consumption of rice and miso soup. The first to fourth dietary patterns accounted for 16.8, 5.5, 4.8, and 3.4%, respectively, of the variance in food intakes and totally explained 30.5% of the variability.
The characteristics according to quintile categories of dietary pattern scores are shown in Table 2 . In both men and women, participants with a higher score of the healthy dietary pattern were more likely to be older and physically active in leisure time and were less likely to be a smoker and alcohol drinker. Participants with a higher score of the high-fat dietary pattern were on average younger and more likely to be a smoker. The high-fat dietary pattern was also associated positively with BMI and inversely with physical activity in leisure time in women. Both men and women with a higher score of the seafood dietary pattern tended to drink alcohol more frequently and have higher BMI. Women, but not men, with a higher score of the Westernized breakfast pattern were younger and had lower BMI, and they were more likely to be a smoker and physically active. The Westernized breakfast pattern was positively associated with the frequency of alcohol drinking in women, whereas the opposite was observed in men.
The ORs of elevated A1C (Ն5.5%) according to quintile categories of each dietary pattern score are shown in Table  3 . Of the subjects, 442 men (13.6%) and 514 women (11.0%) were identified as having elevated A1C concentrations. The Westernized breakfast pattern was significantly and inversely related to the prevalence of elevated A1C in both men and women. Multivariate-adjusted ORs (95% CI) of elevated A1C for the highest versus lowest quintile of the Westernized breakfast pattern score were 0.60 (0.43-0.84) and 0.64 (0.46 -0.90) for men and women, respectively. The seafood dietary pattern was positively related to the prevalence of elevated A1C in men. The odds of having elevated A1C for the fourth quintile of the seafood dietary pattern score was increased by Ͼ70% compared with that for the lowest quintile. Such an association was not observed in women. The healthy and high-fat dietary patterns were not statistically significantly related to the prevalence of elevated A1C.
In an additional analysis using a stricter definition of outcome (A1C Ն6.1%), the associations with the seafood and Westernized breakfast patterns were strengthened in men. Multivariateadjusted ORs (95% CI) for elevated A1C for the second, third, fourth, and fifth quintiles versus the lowest quintile of the seafood dietary pattern were 1. CONCLUSIONS -We investigated the relationship between major dietary patterns and glucose tolerance status as measured by A1C concentrations in Japanese adults. Of the four dietary patterns we identified, the Westernized breakfast pattern was inversely related to A1C concentrations in both men and women, and the seafood dietary pattern was positively related to A1C concentrations in men but not in women.
Major strengths of the present study include large sample size, adjustment of known and suspected risk factors of type 2 diabetes, and the use of measured A1C concentrations as the outcome. Our study also had some limitations. First, an association derived from a cross-sectional study does not necessarily indicate causality. However, we excluded participants with health conditions that might affect dietary habit or A1C concentrations to minimize the possibility of reverse causality. Second, the present study was based on data from the baseline survey of a cohort study, in which one-fourth of the eligible individuals participated. We had no information about lifestyle characteristics of nonparticipants, but compared with that in the National Health and Nutrition Survey (20) , the study participants had lower smoking prevalence (Ͻ5%) and lower mean A1C levels (0.2-0.3%) in both sexes and virtually all age-groups. This fact may suggest that participants had, on average, healthier lifestyles and better physical condition than nonparticipants. However, the differences appear to be moderate and thus unlikely to account for the present association. Nevertheless, the low participation rate may have somewhat distorted the diet-A1C associations. We infer that, in the case of a high participation rate, more pronounced associations would have been observed because of a presumably greater variation in both the exposure and the outcome among the study population. Third, estimation of total energy and nutrient intakes from the present questionnaire has not yet been completed. Because a higher score on a dietary pattern is probably related to greater energy intake and thus may confer type 2 diabetes risk, the lack of adjustment for energy intake might be an explanation for the positive association for the seafood dietary pattern or for the null finding for the healthy dietary pattern. However, energy adjustment should strengthen, rather than diminish, the inverse association between the Westernized breakfast pattern and A1C, which constitutes the major finding of the present study. Finally, there are limitations inherent to principal component analysis owing to arbitrary decisions in determining the number of factors to retain, in choosing the method of rotation of the initial factors, and in labeling the dietary patterns (9, 21) . In this regard, it is notable that dietary patterns extracted in the present study have also been identified elsewhere in Japan (15) . The Westernized breakfast pattern, characterized by frequent intake of bread, margarine, and coffee and infrequent intake of rice and miso soup, was inversely related to the prevalence of elevated A1C. This finding is in line with our previous observation in male self-defense officials (15) . The quantity and quality of carbohydrate affect glucose and insulin responses (22) . The glycemic indexes of bread and rice are comparable (23) , and thus simple replacement of rice by bread does not affect the index. However, bread is usually consumed with other Western foods such as butter, milk, and cheese that have relatively high fat contents, which probably reduces the overall glycemic index of the diet. Therefore, a lower glycemic impact of a bread-based breakfast compared with a rice-based one could be an explanation for the decreased A1C concentrations among individuals with a higher score for this dietary pattern. The inverse association with this pattern may also be ascribed in part to frequent intake of coffee, a beverage consistently associated with lower risk of type 2 diabetes (24) .
The seafood dietary pattern, characterized by frequent consumption of shellfish, salted fish guts, and fish paste products, was related to a higher prevalence of elevated A1C in men. We previously found a suggestion of a positive association between this dietary pattern and serum levels of C-reactive protein (CRP) (16), a marker of systemic inflammation, which may be involved in the pathogenesis of insulin resistance and type 2 diabetes and has been a predictor of type 2 diabetes (25) . However, additional adjustment for CRP did not alter the results materially, indicating that the association with this dietary pattern is independent of inflammation. Higher scores of this dietary pattern probably accompany greater consumption of salt. There is evidence in humans that diets high in salt deteriorate insulin metabolism (26) . A cohort study in Finland (27) also demonstrated that high salt intake independently predicted risk of type 2 diabetes. Although the underlying mechanism is unclear, our result, based on an analysis of dietary pattern, appears to be consistent with these data.
Healthy and prudent dietary patterns, characterized by high intakes of vegetables and fruit, have been shown to be associated with a reduced risk of type 2 diabetes (10 -12,15) and glucose tolerance abnormality (15) . Moreover, we previously found a significant, inverse association between the healthy dietary pattern and CRP concentrations (16) . In the present analysis, however, the healthy pattern was not associated with A1C concentrations, a finding consistent with the results of studies that reported either null (28) or nonlinear (29) association between similar dietary patterns and A1C concentrations. Why the discrepant findings were observed among studies that used a different measure of glucose tolerance abnormality should be clarified. The high-fat dietary pattern, characterized by frequent consumption of fried food, meat, processed meat, mayonnaise, and egg, was not appreciably associated with elevated A1C concentrations in the present study. Comparable dietary patterns in Western populations (i.e., the Western dietary pattern) have been consistently shown to be associated with a higher risk of type 2 diabetes (11) (12) (13) (14) , although the relation to A1C concentrations has been inconsistent (28, 29) . The lack of an association in the present study may be ascribed to relatively high loadings of certain vegetables to the high-fat dietary pattern. Alternatively, fat and meat consumption in Japanese is largely under the level above which diabetes risk is conferred. Fat-derived energy intakes were 26 -37% in the Health Professionals Follow-up Study in the U.S. (13) , whereas fat intake accounted for roughly 25% of total energy intake in Japan (20) .
In summary, a dietary pattern characterized by frequent consumption of bread and margarine but infrequent consumption of rice and miso soup was associated with decreased A1C concentrations in Japanese men and women, whereas a dietary pattern characterized by frequent intake of shellfish, salted fish guts, and fish paste products was related to increased A1C concentrations in men. These findings suggest that adherence to some traditional dietary patterns in Japanese featuring white rice or salty seafoods may be related to deterioration of glucose metabolism and may explain, at least in part, why Japanese have a high prevalence of type 2 diabetes despite their relatively lean body mass. The present crosssectional associations must be confirmed in prospective studies, and the underlying mechanisms need be clarified. Adjusted for age (years), BMI (Ͻ22.5, 22.5-24.9, 25.0 -27.4, or Ն27.5 kg/m 2 ), smoking (lifetime nonsmoker, former smoker, or current smoker with a consumption of Ͻ20 or Ն20 cigarettes/day), alcohol consumption (nondrinker, former drinker, and current drinker with a consumption of Ͻ30, 30 -59, or Ն60 g ethanol/day), physical activity (quartile of MET hours/week), and parental history of diabetes (absent or present). *Based on multiple logistic regression analysis, assigning ordinal numbers 0 -4 to quintile categories of each dietary pattern.
